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3 ] s g l t 2 jgtta«wt?**»*a 2 fem^g^o 
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[0 0 0 6] 

J. Clin. Invest., H80#, 1037^, 1987^ 

[#MW;£f&2] 
J. Clin. Invest., H87#, 1510^, 1987^ 

J. Clin. Invest., H93^, 397^, 1994^ 
1 ] 
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MWfcfclRi 2] 
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[WXltt 1 3 ] 
§^#1^^100283066-^ 
[0 0 0 7] 

[HHj^^b x o t-t&mm) 

WB^-CCD^;vn-^ll®.Jl3l^B55b^)SGLT2<7)S14 : Sr|51§L. WMffl- 
[0 0 0 8] 

[0 0 0 9] 

[ft 2 I 



[0 0 10] 

r ;v n v * >9 ^ 

Y(i C i_ 6 T )V*)V&JLte^ n ^>JI^t« £ ttfc C i_6 T ;V^;V*t** *K R 1 
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C 1-6 T 3 * >JM?"T-gm £ frfc C i_6T )V 3 * ">*X»4 C i_6T 
v#;i/tfT-;i^-Tr£)£o ) tt? W 5 - f t - /3-D-^;Vn t:? / y Kit 
[0 0 11] 

-e-o4feO#f&9! «\ 5-fi-/J-D-^3t'7/y KMS^XJi-e^^ 
[0 0 12] 

^^tc^v^T, rc x _ y j tit, ^<Dm-m<^ t x-ym<Dm.mm^-^ 

£*r*i*U 0!!x.(£> ^)^&, n-^u^^m, 4 v^ne^at, 

f L < (4-7 ?3fcJK^\ iffiStJB^P?***, 

n ^^mT-'Ceife^ *l£ C i_6T ;i/^r;i/^}4. -f-^iOTfcitMi^^ n f 

l.l.l-h^^nxf^ 1. 1, 1- b'J7^tn7'nt>i, 1,1, 
1 - h '^/I'^aT'f^ift^f £>tL& 0 >V7;^n^f;vS> 
1 , 1 , 1 - h y 7^*na.^->i/*ftif#»i bv^ 0 
[0 0 13] 
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/n n ? ymir-CM.^ $ n.tz C i_6T ;v n * vS(i> -eoSi^KStJ^W^ n 
y «t o tit $ tif: 7^ 3 ^ y S?:^to mz.\t, h U -7;v*n ^ > 

->ix l.l.l-f^iVtnxh^yl, l, l, l- )V*u-fU7£*=s 

b^rvi, 1,1, l-YV7)V*UJ^h*i'&%t*j)mtL^o 
[0 0 15] 

U $)xf£\ y^nynt>l> y^nyf;H, v^n^>^;v^ v^n^ 

*)vmtim<D?-*m (-s-) mi«^tLt^f), ci^r^*^ 

U /Hk ; * v y ;v*^5&^if f> ^ i <?> 9 ^ T -fe S b v» 0 

[0 0 16] 

C 2-6 7 )V ^ * v * ;v t fi, mn.VtXl±fi-m%Viv> c i_ 5 T ;v n * ->3fe 
x^y*^^ yn*^y*w-;H> >fy^n#*j/*^-/Hfc 

[0 0 17] 
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t^-^a, torn., mmx^wmt^mx^^o 

^7" h * > * >U* J- 9 2 - 1: 

9^u>i/«3»fs. vvrrifett, 7^^5^>wa, 9^9 ^>mm., 7vtT 

bbu v>-br^ *Mbfc*B*au -3f->B»au ~>^m&> ^9v 

[0 0 18] 
[0 0 19] 
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[0 0 2 1] 

e9y-^»a»flc(III)ttJ. Med. Chem., 3139^, 3920^, 1996^X{±®^ 
#I^W001 16147^. W00174834-^\ W00174835-5§\ W002053573-^\ W002068439-5§\ W 
002068440^-, W00236602^ W002088157^i»#£##^J&-r & £ § & 

o 

[0 0 2 2] 

tFD77>, ^-e«^- h y ^ h Jry KXl*#t^ 
t, i; ^ A ^ £ ^ 0 _ T ^ ^ £ g^g, KM&m Uk&W (IV) & i£ j£1~ 

[0 0 2 3] 
■ [0 0 2 4] 

[lb 4 ) 




[0 0 2 5] 

2,3,4,6 -^>^-0-T-fe^-;i/-5-f-^--D-^;P3kf^y-^ (Tetrah 
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edronLett., ^22^, 5061^, 1981^. XliJ. Org. Chem., #31S£, 1514^, 
1966^) (N, N-y^WM7U; tb7tKn77> 

. Chem. Soc. Perkin Trans. 1, 2763^, 19903^ Tetrahedron: Asymmetry H5 
m, 2367m, 199430 0 Eti&m&l*M&frt> 8 0 X:X\ Wftftmi 2 0 frfr h 2 
4 H#P«3 

[0 0 2 6] 

ytMEU& (Org. Reactions, SI42^, ^335^) £WB U 5-^*^ 
;V=r-x(VII) fc±SB-e»atUfel^9 % /-/HI|j»flt*r»'6-U tf^V';* 5-*- 
* - p - D - n v K (VIII) £ SKt-t Sit # s -c i & 0 I' ffl v* a li 

2 -tf V i?fr*X7<t >l*ffli"4iWiio h V 7x-JV* 

*-7-r>, ^7x-;v- 2 - t°'J y 7 >f >^lf I L < s hV7x^;v^ 
7^/^it)ffiU^ TV^mt ltyif^7^7*myl/- K 
V 7°n tf ^ 7 V*y * Jl^f^ v V - h^v-tert-^f-^TV^^^v I'— > 

. l, r-7y^(N,N-^f;v*^7^ k)^i,i , -(tv'v^;vjK-^) v 

[0 0 2 7] " 

T ^ >fOgi^ffl^7-bf^^i*tt, **&9Hb£1fe< I ) fc»frr* i t 
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[0 0 2 81 

jrttZffitK *§&Wfc&® (II) &$£di-r& :!:^iJ 0 
[0 0 2 9] 

mmm] 

£Jfefll 1 

Igi 

4 -(4 -JL7-)l"<>i?)l')- 5 lH-fc?7 (l.Og, 4.6mmol) 

, ^ > v T - ;V (600mg, 5. lnmoDS.y b 'J 7 7 ^ > (l.46g, 5 

.lmmoD^x h7t K n "7 9 > (30mL) v f - ;^ T V* v * )V ^yl/- h (40 
%Y)VJL>mWi, 5.1mmol)^7X<tT^TL7to MteTjfcaSHSLfcftfc^ 

J^;v= 75:2 5-70:3 0)KTffiNKU ifei&*^3-^>m^'> 
- 4 - ( 4 - jl?- )l^< y V )V) - 5 - * 3- )\> - 1 H- tf y V- ;V (550mg, 39%) =M# 

[0 0 3 0] 

iH-NMR (300MHz, CDCI3) <5:1.2l(t, J=7.6Hz, 3H), 2.1l(s, 3H), 2.60(q, J 
=7.6Hz, 2H), 3.66(s, 2H), 5.24(s, 2H), 7. 03-7. 15 (m, 4H) 
ESI m/z=307(M+H) 
mp 80. 0-83. Ot: 

[ 0 0 3 1] " • ' ■— " 

TM2 

3 -^>^;i/*4rS'-4-(4 -^*J-)V<>V)V) - 5-*3-)\s- lH-tf^V 
-M200mg, 0.65mmol);&U^M^i'7A(1.06g, S^SmmoOON.N-v^^V 
T ^ K (4mL) MM ifc K ^ST 1 -f vfu \£)VT^^r^4 K(350mg, 2.06mmol) 
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fcifcTLfco l£l:tl 3WFW«#t7t^JC, $ <b fcj&S** A (1.06g, 3.25 
mmoD&OH' V 7"n ^;VT-f sj-*^ K(350mg, 2. 06mmol) Z1)\\z.tZo M^ZhK 

^tL7t^^v'; 7 A ^ 07 ^7 7 >f - (A^rf > :SSSxf ;l/= 1 0 

: DfcTflKRU 3 -^v^'J^ + y- 4 - (4 -xf M>y;v) 

-1-4 V 5 - 1 H- H° 9 V- ;V (179mg, 79%) 

[0 0 3 2] 

iH-NMR (300MHz, CDCI3) <?:1.20(t, J=7.6Hz, 3H), 1.39(d, J=6.5Hz, 6H), 
2.17(s, 3H), 2.59(q. J=7.6Hz, 2H), 3.62(s, 2H), 4.20-4.32(m, 1H), 5.23(s 
, 2H), 7. 00-7. 12 (m, 4H), 7. 22-7. 42 (m, 5H) 

ESI m/z=371 (M+Na) 
[0 0 3 3] 

X^3 

3 -s<>y)V**ci/-4 -(4 -xfM>'^)-l->fvyD t:;l/- 5 

1 H- t? 9 V- ^ (160mg, 0. 46mmol) (O * ? / - )V (3mL) 2 0 

%7kmft^7V^A/jgt3£ (58mg) fcjHl&T*3[t#lB£CT\ Sfi'CfttUBPtfc 
o 5p»***aLfe»^»«t*«EET«*LT. ifeW<04-(4-xf;i/ 

3 -fc Kn+5/-i->f v^ntf^- 5 1H- t?9 

109mg, 92%)&#£o 
[0 0 3 4] 

iH-NMR (300MHz, CDCI3) <?:1.21 (t, J=7.6Hz,3H), 1.39 (d, J=6.7Hz, 6H), 
2.07 (s, 3H), 2.60 (q, J=7.6Hz, 2H), 3.66 (s, 2H), 4.19-4.30 (m, 1H), 7 
.07(d, J=8.0Hz, 2H), 7.17 (d, J=8.0Hz, 2H) 
ESI m/z=257(M-H) 
mp 164. 0-169. Ot: 

[0 0 3 5] 
114 

2, 3, 4, 6-x b7-0-T-fe^;V-5-^*-D-^ntf7y-^(200mg, 
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0.55mmolK 4 — (4 — xf^>y^)- 3 — H Kn^y-i-/f V/n kf;v— 
5-^^-^- lH-tf7V-^(425mg, 1. 64^01)25:^ b V 7 7 > ( 

288mg, l.lOmmoDo h ;wn> (5mL)Jf;^?glC^f-;i/T Vv^ ;i"1?3r *> V- h (40 
%h;Vjc>?#^ 1.10mmol)^7Xi%T^Tt^o IfiCtl 3 B#HI3M$Lfc&t::, 

g^i-^;i/=2 : l)t:titl, 4 ' - ( 4 " - xf ;m 7 y _ r _ y tf 

;v-5'-^^;v- iH-e^y*-;v- 3 *--f ;v 2, 3, 4, 6--r h^-O-T-fe 

5 - - p -D- i7*;V n tf 7 y v K^ffi^.^ (58mg) &t#7to 4 ' - ( 4 ' 
- i^-;w^> >?;v) - 1 * - ,f y -f U \*)V- 5 ' - y 1 H- fcf 7 V-^- 3 ' 

-1^ 2, 3, 4, 6 - 7 h 7 -0- 7tf ^- 5 - ft - ^ 1' 7 / y 

K<7)ffi#lJ&% (50mg) ^ / - )V (2mL) v#^^^fi-e^ b'j7A^ KvK (18mg 
, 0.3mmol)?rJnx.^o Mz&t? 1 4 ^TO#L7^mC^*^ffiT^*LT#^tL 
fc^S&v'; 7>^;V7>9A^ n-r b tfy7 4 -(700*^:^ — ;v= 5 0 
:l~25:l~20: DKTffimU it-fel^^O 4 ' - (4 ' 
- l'-'f y^n^v- 5'-yf ;v- iH-tf9v*-;v- 3 ' --f ;v 
/? — D— at?7/ y F (llmg, 5%) 

[0 0 3 6] 

iH-NMR (300MHz, MeOH-dj) <5 : 1.18(t, J=7.6Hz, 3H), 1.37(d, J=6.7Hz, 6H 
), 2.08(s, 3H), 2.57(q, 7.6Hz, 2H), 2. 71-2. 80 (m, 1H), 3. 18-3. 26 (m, 1H), 
3.50-3.58 (m, 1H), 3.65 (d, J=3.6Hz, 2H), 3.70-3.78 (m, 2H), 3.84-3.92 ( 
m, 1H), 4. 35-4. 45 (m, 1H), 5.40(d, J=8.7Hz, 1H), 7.00-7. 10 (m, 4H) 

ESI m/z=435(M-H) 

mp 54.0^58.5^ 
[0 0 3 7] 

4'-(4 ' -J~^-)V^>^)V)- 5 '-^fJV-lH-lf^y-^- 3 ' -4 )V 
5-ft-/?-D-7*^e7/yK «b^2) <DU& 

urn I 

2, 3 , 4 , 6 -T- f^-O-T-bf^-S-f t-D-^Urt tf 7 7 (937mg, 
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2.6mmolK 4 - ( 4 -.x*-/W*> v;U) - 3 - Kn^ry- ^- 1 H- 
tf^V-^(2.78g, 12.9mmol)^.t>*> V 7x-;VW7'f >(1.35g, 5.1mmol)0 
fF7fc FD7 7 > (14mL)iIt:yxf;vr y^^^-f^y V- h (40%h/Wt>' 
vt$u 5.1mnol)&mi&'C?*TLfco MKT 4#M*#Lfcffefc, RJSifc*ift» 

= 5 0:5 0-3 5:6 5)lCT*f^L> ?ilffe7*;V7 r *#c<7) 4 * - (4 ' 
;v^>y';v) - 5 ' - ^ f ^- 1 H- 1 1 7 7 - 3 ' - JV 2, 3, 4, 6-x 
h V -0- T-b^;V-5-^^-yS -D- ?)V 3 tf / v K (292mg, 20%) £#7t <, 
[0 0 3 8] 

1H-NMR (300MHz, CDCI3) <5 : 1.19(t, J=7.6Hz, 3H), 1.85(s, 3H), 2.00(s, 
3H), 2.03(s, 3H), 2.07(s, 3H), 2.13(s, 3H), 2.58(q, J=7.6Hz, 2H), 3.28-3 
.37(m, 1H), 4. 08-4. 16 (ro, 1H), 4.34(dd, J=5.0 and 12.0Hz, 1H), 3. 50-3. 64 ( 
m, 2H), 5.13 (dd, J=8.9 and 9.3Hz, 1H), 5.38(dd, J=9.3 and 10.1Hz, 1H), 
5.55(dd, J=8. 6 and 8. 9Hz, 1H), 5.81(d, J=8.6Hz, 1H), 7.00-7. 10 (m, 4H) 

ESI m/z=561(M-H) 
[0 0 3 9] 

4*-(4'-^^-;v^>v;v)- iH-fc?7V*-;i'-3 , -'f ;v 

2,3, 4,6-T-h^-0-T J b^;l'-5-f-^-- / 8-D-^;VnVf9y vK(140m 
g, 0. 25mmol) <D* ? (2mL) ^Wl^MM.^ Y V V A ^ KvF (27mg, 0. 5m 

mol)*inix.fco SST*^M# L 7^ K , R/S?0t^Dowex-5OWx8-r * ^£SM»J& 

*y'J*W5A?07 h ^77-f- (^dd^A:^ ^y-;v=9:l~8 
:2) CtiSt, «^fe»**t04'-(4*-^^vi;;v)-5 , -^^;i/-l 
H- £ 7 v*- ;v - 3 ' - W ;u 5 -d zr ^TvS'2~^~y'^ K(80mg, 82%)^ 

[0 0 4 0] 

1H-NMR (300MHz, MeOH-d4) d: 1.18(t, J=7.8Hz, 3H), 2.05(s, 3H), 2.57(q 
, J=7.8Hz, 2H), 2. 75-2. 85 (m, 1H), 3. 20-3. 28 (m, 1H), 3. 50-3. 60 (m, 1H), 3. 
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65(d, J=8.0Hz, 2H), 3. 70-3. 80 (m, 2H), 3.89(dd, J=4.0 and 11.5Hz, 1H), 5. 
39 (d, J=8.9Hz, 1H), 7.03-7.10 (m, 4H) 

ESI m/z=393(M-H) 

mp 158. 0-160. Ot: 
[0 0 4 1] 

4'-[(3'--7;w^-n-4'-^ h%v7x-JV)>fJV]-5'->f;V- 1H 

4 -[(3 -7;v^-n-4 b^y7x-jl/)^f;V]-3-t Kn^y-5- 
lH-^9V-)l'(W0236602KLtztf-z>X&J& ; 4.11g, 0.0174molK ^ 
7 XM^(41mL)^O f pm(41mL)Of£^^135 < CT'8Bf^> M^-ei2B#P^^ L/io 

(400mL) t 25wt% t h 'J ■> A > h 3r K<£> 9 J -/Wfrifc (0. 37mL) =Srinx.20B# 

-(^-t^ : SfcM^;v=4 : i~i : i)£-cflii4U $rfe$-5fc#to l -r-tr 

4 -[(3 -y)V^rU- 4 >^y7x-^)^f;P]-3 -fc Kn*~>- 
5 — ;* "f-JV— 1 H— \£y V-)\> (960mg, 20%) *^#fe 0 

iH-NMR (300MHz, CDCI3) 8 I 2.50 (s, 3H), 2.51(s, 3H), 3.6l(s, 2H), 3.85 
(s, 3H), 6. 80-6. 99 (m, 3H) 
[0 0 4 2] 
If 2 

2,3,4, 6-x b7-0-7W- 5-f-^-D-^n tf^/-^(629 m 
g, L73mmol). 1 -T-fef->- 4 -['(3 -7;V^-ri -'4 -> h> v^^^^M 
3 -fc Ko^y- 5 lH-k?9V*-M960mg, 3.45mmolK h 

'J7x^*7 7r/ (601mg, 3. 45nnnol) Wf KD7 7>(7. 9mL) <7)?1^ 

0t:T-^> yM 77*Dt:>7V , y*;Kf+y 1/- K4 0% 
> 2.04mL)£*9>o< O^TL/io Mi^T 2 f$ffla#L£t&K. &JSifc£MiL# 
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: 3)fcT*S54U ife7 ; E;V77^^1 , -7-bf;V-4'-[(3 , -7WD 
- 4 * b^fy7x-;v)^f^]-5'-^f^- iH-v:7V*-;v-3 , --r;v 

2, 3, 4, 6 -x h7-0-7-tf^- 5 -f t-|9-D-^3li7y y K(64 
7mg, 60%)£#fc o 
[0 0 4 3] 

1H-NMR (300 MHz, CDCI3) 8 I 1.94(s, 3H), 2.01(s, 3H), 2.05(s, 3H) 2.06 
(s, 3H), 2.50(s, 3H), 2.59(s, 3H), 3.35(m, 1H), 3.54(m, 2H), 3.85(s, 3H) 
, 4.14(dd, J=4.2 and 11.9Hz, 1H), 4.27(dd, J =5. 4 and 11.9Hz, 1H), 5.18(d 
d, J=9.4 and 7.9Hz, 1H), 5.39(t, J=9.4Hz, 1H), 5.50(t, J=7.9Hz, 1H), 5.9 
6(d, J=7.9Hz, 1H), 6. 80-6. 89 (m, 3H) 

ESI m/z = 647 (M+Na) 

mp 118. 0-122. 01G 
[0 0 4 4] 

1313 

1 , -T-b^;^-4'-[(3 , -'7;^^n-4'-^ h^y7x-;i/)^f - 5 
' 1E-\£?V-)V- 3 ' 2,3,4, 6 — f h 9-0-T-te*-A'- 
5-?-*- p-D-FfrX v K(556mg, 0. 890mmol) t * ? J 6 mL) <D 

K25wt% tf'J^An^vKW^ -JVmU (0.096mL) *inx.^ 

i)KTffi»U M^^0 4 , -[(3'-7;v*n-4'-^ h^->7^-;v) 
**?-)V\- 5'-^^;v- iH-tf9y*-;v-3'--r;v 5 -f-*- /? -d-^;v 

3tf77vK (261mg, 70%) 
[0 0 4 5] 

iH-NMR (300MHz, Me0H-d4) 8 \ 2.06(s, 3H), 2.83(m, 1H), 3.25(t, J=8.8Hz 
, 1H), 3.56(t, J=8.8Hz, 1H), 3.61(m, 2H), 3. 68-3. 79 (m, 2H), 3.80(s, 3H), 
3.89(dd, J=3.9 and 11.5Hz, 1H), 5.4l(d, J=8.8Hz, 1H), 6. 87-6. 97 (m, 3H) 
ESI m/z = 437 (M+Na) 
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mp 145. 0-147. 0"C 
[0 0 4 6] 

1 ' - r-fe^-;v- 4 ' - [ ( 3 ' - 7 )\<* n - 4 * - * f;V7 x -)i>) * - 5 ' 
- * fcf ? v*- 3'--f;u 5 — f-* - 0 - D - nt'^y KOJBI 

)j*7-)v\-5'-*?')\'- iH-tf9V-;i/-3'-^;v 5 -^-/?-D-^;v 
nt'7;y K(150mg, 0. 376mmol) &7fcl£m(0. 05mL) fcft8fe(0. 05mL) * 

in x. 72H# HI8E# L o RJE&«C * jfeSS L X% h Ktzym. * '> V * r >u * <7 A * n 

®ft^(89mg, 54*)Sr&fc 0 
ESI m/z = 463 (M+Na) 
mp 184. 0-194. O'CCdecomp.) 
[0 0 4 7] 

l'-xf^i>* 4 ' - [( 4 ' - * f^y7x^)^f;V]-5'-> 

e y v*-;v- 3 ' - 4 )\> 6 -0- J- h * /u- 5 - /? - D 

4 ' -[(4 ' h^>7i-jV)^f>]-5 ' -ff-)V-\£y 3 ' — f 

;V5-f"^-/S-D - jJOV n t?7 y S" F (59mg, 0. 149mmol ) t 3 V *J y (1. OmL) <0 
^^lC^nn^jn.^;i/(49mg,0.449nimol)Sr}tinx.m^l 6 B#ffll&# L£ 0 & 

<»1kWffism&2xug, 40%)£#£ o 
[0 0 4 8] 

1H-NMR (500MHz, MeOH-d^) 8 \ 1.26(t, J=7.3Hz, 3H), 1.4l(t, J=6.7Hz, 3H 
), 2.40(s, 3H), 3.11(ddd, J=3.7, 6.7 and 9.8Hz, 1H), 3.32(dd, J=8.6 and 
9.2Hz, 1H), 3.56(dd, J=9.2 and 9.8Hz, 1H), 3.74(s, 3H), 3.75(t, J=8.6Hz, 
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1H), 4.15(q, J=6.7Hz, 2H), 4.32(dd, J=6.7 and 11.6Hz, 1H). 4. 40-4. 48 (m, 
3H), 5.78(d, J=8.6Hz, 1H), 6.79(m, 2H), 7.09(m, 2H) 
ESI m/z = 563(M+Na) 

[0 0 4 9] 

ifcSt (Aanal Biochem 1984, 201:301-305) fE^O^ffi^ Dtlg Lfz? v 

(®estE4mg/mL) 50//L&37T:. 2#:/W>*i^ 
-ya>U:li -ItUC, DMSOK^L^l^t^ (DMS0«E 1 %) R&IO 
OmMMannitok lOOmM NaSCNX&KSCN. lOmM HEPES/Tris pH 7.4. D-glucose(l*- 
itEO.lmMK D- [6- 3 H] glucose (Amersham) 1 //Ci&rls-a LfzKBWU50/uL%ljnz- 

M NaCK lOmM HEPES/Tris pH7. 4, 0. 3mM-7 UV v Z1]\\x.XfcfcZW±mttz 
f£> U% ^pore s izeO. 45/um<D* yflsls? 4 )l>* - (HAWP02500> Mi 1 1 ipore) £ 

m^x, mmm&*ft^mNZfrMLtzo 3 my * *7K^b/cES#it^ 

4. 5mL-e?5fe?#-#. LT^^ifty^fV-^ a > * ^ >- ? - (Beckman) 

<D^3-^Ii)M» s 5 0%Et^^j^!|M (IC5o^i) £#ffiL£ 0 
[0 0 5 0] 
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